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1. ABSTRACTS 



KLA IS AN IOKOD THAT EXERCISES UP TO SIXTEEN KL11 
ASYNCHRONOUS INTERFACES* IT IS CAPABLE OF EXERCISING ALL 
KL11 MODELS . IT USES MAINTENANCE MODE TO XNIT AMD 
RECEIVE A RIN'ARY COUNT PATTERN OUTPUT AND RECEIVED IN 
64. CHARACTER BURSTS. THE MAJOR PORTION OF THE ERROR 
CHECKING IS DEFERRED TO LEVEL 0, ALL LIMES SELECTED F0'> 
TEST (UP TO 16 KLll'S "»ITH CONTIGUOUS ADDRESSES AND VECTORS) 
ARE ACTIVATED AND RUM CONCURRENTLY. ALL TRANSMIT AMD RE- 
CEIVE ERRORS ARE REPORTED ON THE CONSOLE TTV* 

REQUIREMENTS: 



HARDWARE • AT LEAST QMS KL11 INTERFACE 

STORAGES : KLA REQUIRES 2 

1* DECIMAL WORDS 2 840 

2. OCTAL WORDS 2 1510 

3. OCTAL BYTES I 3220 



3* PASS DEFINITIONS 



DUE PASS OF THE KLA MODULE CONSISTS OF TRANSMITTING A'lD 
RKLE TYING 8192. (TOTAL) CHARACTERS „ 



4. EXECUTION TIME: 



VARIES WITH BAUD RATE BUT SHOULD TAKE AN AVERAGE OF OH E 
MINUTES TO COMPLETE ONE PASS WHEN RUNNING ALG8 
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5. CONFIGURATION PARAMETERS : 

DEFAULT PARAMETERS % 

DVA: 174000, VCTS 300/ BR1: 5, BR2 : 0, DVC: 1 
REQUIRED PARAMETERS: 

AT CONFIGURATION TIME TBS USER MUST SPECIFY: 

VCT: VECTOR ADDRESS OF FIRST KL11 IF NOT 300 

DVC; NO OF KLll'S IF GREATER THAN 1 

6. DEVICE OPTION SETUP: 
NONE REQUIRED 

7. MODULE OPERATION I 



7.1 



TEST sequence: 

Am START ; 



B. SETCSR: 



STUPl 



USING THE DEVICE SELECTION P AR AMETER 
"DVIDl" THIS SECTION OF CODE SETS UP 
THE VECTORS OF ALL SELECTED LIMES TO 
POINT TO THE APPROPRIATE JSR IN THE 
JSR LINKING TABLE* 

THIS PIECE OF CODE INSERTS THE PROPER 
CSR ADDRESS OF EACH ACTIVE LINE INTO 
THE THIRD feiORD OF EACH JSR TABLE ENTRY. 

THIS ROUTINE INITIALIZES ALL TABLES, 
BUFFERS, FLAGS AND COUNTERS/ THEN PRO- 
CEEDS TO TURN OH THE INTERRUPTS FOR 
ALL ACTIVE LINES. IT USES THE CDMTEfiTS 
OF THE ACTIVE DEVICE TABLE TO FIND OUT 
WHICH LI^ES TO KICK OFF. AFTER INIT- 
IALIZING ALL LINES IT MAITS FOfi COMPLETION 
OF 64 TRANSMITTER AMD RECEIVER INTERRUPTS 
VIA A BREAK LOOP. IF THE 64 INTERRUPTS 
HAVE OCCURRED ON BOTH TRANSMITTER A*-SD 
RECEIVER* OR IF THE BREAK LOOP TIMES OUT, 
CONTROL PASSES TO ERRCBK. 
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(7.1 CONT'D) 



E. TSERVS 



0. TINT: THE TRANSMITTER SERVICE ROUTINE SIMPLY 
QUEUES UP THE REQUEST FOR SERVICE TN 
A FIFO QUEUE. UPDATES THE POINTER* AND 
RETURNS CONTROL BACK TO THE MONITOR WITH 
A PIRQ. THE ELEMENT THAT GETS STORED 
IN THE QUEUE IS A POINTER TO THE INTER- 
RUPT IMG CSR ADDRESS* THE ACTUAL SER- 
VICING IS DONE LATER WHERE THE SERVICE 
CODE IS EXECUTED AT LEVEL 0* 

THIS CODE RETRIEVES A POINTER FROM THE 
FIFO QUEUE AMD BUILDS THE CSR ADDRESS* 
THE FOLLOWING SEQUENCE IS EXECUTED? 

1. TEST FOR END OF 64* CHAR BURST - IF 
END EXIT - TF NOT GO TO 2 

2. TEST READY FLAG - IF MOT ASSERTED GO 
REPORT FALSE INTERRUPT - IF ASSERTED 
PROCEED TO STEP 3 

3. COUNT THE INTERRUPT FOR INDIVIDUAL 
LINE 

4* GENERATE AMD OUTPUT NEXT CHARACTER, 

KEEP TRACK OF THE H UMBER OF CHARACTERS 
OUTPUT ON THE LINE/ AND THEN EXIT BACK TO 
THE MONITOR • 

THE RECEIVER SERVICE ROUTINE STORES 
DATA AMD STATUS INFORMATION IN A RE- 
CEIVER STARTUP TABLE. TESTS FOR THE 
END OF A 64* CHAR X F K SEQUENCE AMD 
THEN EXECUTES AN "RT I" * IT ALSO COUNTS 
RECEIVE INTERRUPTS IN A SEPARATE 
COUNTER FOR EACH LINE. 
SEPARATE COUNTER. 

SRRCHK • THE BULK OF THE ERROR CHECKING A.ND RE- 
PORTING IS DOME HERE AT THE E M D OF EACH 
64* CHAR. BURST * THE FOLLOWING SEQUENCE 
IS EXECUTED I 



F* R I N T : 



1. TURN OFF RCVR AND XMTR I N T R « 

FOR ALL ACTIVE LIMES 



ENABLES 



SCAN THROUGH THE RECEIVER. STATUS TABLE 
(64 ENTRIES OF TWO WORDS EACH) TO CHECK 
FOR AND REPORT t 
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(7»1 # SECTION G CONT'D) 



H. ENPS: 



I. RESYNC: 



A. ) PARITY, FRAMING AMD OVER- 

RUN ERRORS. 

B. ) RCVR FALSE INTERRUPTS 

C. ) DATA COMPARE ERRORS . ONLY 

IF A AND B DID NOT OCCUR » 

3. CHECK RECEIVER AMD TRANSMITTER INTERRUPT 
COUNTS FOR EACH LIME TO BE SURE THAT NO LINES 
MERE DROPPED OR HAD TOO MANY INTERRUPTS . 

4. GO TO THE ENPS ROUTINE AFTER CHECKING 

ALL 64 ENTRIES* 

COUNT THE 64, CHAR BURST AND TEST FOR 
128. BURSTS (8192 CHARS). IF NOT END 
OF PASS GO TO I. IF END REPORT END 
OF PASS AND GO TO C. 

RESYNC THE DATA BUFFERS AND THEN RESTART 
AT STEP C. 



7.2 



DESCRIPTION OF TABLES, QUEUES, AND BUFFERS 



RSTA83 



B » RCNT* 



C. TCNT: 



THIS IS A 128* WORD STATUS TABLE CON- 
SISTING OF 64. TWO MORD ENTRIES. IT 
GETS LOADED DURING RECEIVER INTERRUPT 
SERVICE AND CHECKED AT THE END OF BACH 
64. CHAR BURST. EACH ENTRY HAS TOE 
FOLLOWING FORMAT : 

1ST fcORD: CONTENTS OF RCSR 



2ND WORD l 



LO BYTE = RCVD DATA BYTE 
HI BYTE = LINE NUMBER 



16 BYTE TABLE CONTAINING AN 3 BIT IN- 
TERRUPT COUNTER FOR EACH RCVR. THE 
APPROPRIATE BYTE GETS INCREMENTED DURING 
RCVR INTR SERVICE AND CHECKED FOR EQUIVALENCE 
TO THE NUMBER OF CHARACTERS TRANSMITTED. 

16 BYTE TABLE CONTAINING AN 8-BIT IN- 
TERRUPT COUNTER FOR EACH TRANSMITTER. THE 
APPROPRIATE BYTE GETS INCREMENTED DURING 
DEFERRED INTR. SERVICE AND CHECKED FOR 
EQUIVALENCE TO THE NUMBER OF CHARACTERS 
TRANSMITTED. 



KLAH DEC/X11 SYSTEM EXERCISER MODULE MACY11 30A(1052) 12-0CT-78 16:39 PAGE 7 
XKLAE0.P11 12-OCT-78 12:01 



(7*2 CONT^D) 



D. KLNT: 16 BYTE TABLE CONTAINING AN 8-BIT DATA 

COUNTER FOR EACH LINE* THE APPROPRIATE 
BYTE GETS INCREMENTED EACH TINE A CHARACTER 
IS TRANSMITTED ON THE LINE, AND CLEARED 
BEFORE THE BEGINNING OF EACH 64. WORD BURST, 

E. TQS 16 WORD FIFO QUEUE FOR TRANSMITTER SER- 

VICE* LOADED DURING XMTR INTERRUPT SER- 
VICE WTH A POINTER TO THE CSR ADDRESS 
AND UNLOADED DURING DEFERRED XPTR 
SERVICE, 

F. XBUF: 16 BYTE XMTR DATA BUFFERS - ONE BYTE/ XMTR 

G* RBUFS 16 BYTE RCVR DATA BUFFERS - ONE RYTli/RCVR. 

H. JSRT AB • A 123 WORD TABLE THAT CONTAINS 64 JSR 

INSTRUCTIONS WITH TWO TRAILING ARGUMENTS • 
EACH RECEIVER AND EACH XVTR HAS AN 
ASSIGNED JSP IN THE TABLE OF THE FOL- 
LOWING FORHAT: 



JSR 

N 



R5/RI"NT( TINT ) 



WHERE THE GETS OVERLAYED WITH THE 
ADDRESS OF THE CSR FOR LINE N AND N IS 
THE LINE NO. IK OCTAL (00-17) 



8. 



OPERATOR OPTIONS : 



A. LOCATION (STUP+2) CAM BE MODIFIED TO VARY THE NO • 
OF 64, CHAR BURSTS PER PASS. 

B • THE USER CAN USE THE "MOD" COMMAND TO DUMP THE TABLES 
BUFFERS DESCRIBED IN 7.2 TO OBTAIN MORE DETAILED £PRQR 
INFORMATION, 

C. THE USER CAN MODIFY "QVID1" (KLA 14) TO SELECT OR 
DESELECT INDIVIDUAL KLll'S. 



NON-STANDARD PRINTOUTS ! 



THERE ARE TMO ERROR PRINTOUTS iiHICH SUPPLY SPECIAL I MFOR NATION 
IN THE CSRC AND STATC VALUES (CONSULT LISTING). 
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SKQ 07 



oooooo- 

000000* 



000026' 
000030* 



;KL11 A-C DEC/X11 EXERCISER MODULE 

IOMQD <KLAE >, 174000,3 00,5,, ,128 . ,42 
MODULE 140000, KLAE , 174000, 566, 5, , , 128. ,42 
.TITLE KLAE DEC/Xll SYSTEM EXERCISER MODULE 
; DDXCOM VERSION 6 23-MAY-78 

.LIST BIN 

<j****ft***********#******a 

046113 042501 040 MQDNAM: .ASCII /KLAE / ;MODULE 

000 XFLAC: . BYTE OPEN 

174000 ADDR: 174000+0 

000300 VECTOR: 300+0 

240 BR1: . BYTE PRTY5+0 

000 BR2: . BYTE PRTY+0 

000001 DVIDl: +1 

000000 SRlS OPES 

000000 SR2: OPEN 

000000 SR3: OPEN 

000000 SR4: OPEN 

.******************************* 



mm 

000074 



88811?" 



000000 

000000 
000000 
000434' 

000000 



Stat: 

init: 

SPOINT 
PASCNT 
ICONT: 
ICOUNT 

SOFCNT 
HRDCNT - . 
SOFPAS: 
HRDPASS 
SYSCNT: 

rannum: o 

CONFIG: 



140000 
START 
MQDSP 



128. 






RESi: 
RES2 : 
svro: 
svri: 
SVR2 : 
SVR3: 
SVR4 : 
SVR5: 
SVR6: 

csra: 

sbadr: 

acsr: 

wasadr: 

astat: 

errtyp: 

ASB5 
awas: 
rstrt: 
hdtq: 






OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 
OPEN 

OPEN 



OPEN 
OPEN 
RESTRT 
OPEN 



**************** ******** 
NAME. 

;USED TO KEEP TRACK OF WBUFF USACF 
; 1ST DEVICE ADDR. 
; 1ST DEVICE VECTOR. 
;1ST BR LEVEL. 
;2ND RP LEVEL. 
;DEVICE INDICATOR 1. 
;SWITCH REGISTER 1 
;SWITCH REGISTER 2 
;S*I?CH REGISTER 3 
: SWITCH REGISTER 4 
************************************** 

STATUS WORD. 
MODULE START ADDR. 
MODULE STACK POINTER. 
PASS COUNTER. 

p OF ITERATIONS PER PASS=128. 

LOC TO COUNT ITERATIONS 

LCC TO S*VE TOTAL SOFT ERRORS 

LOC TO SAVE TOTAL HARD ERRORS 

LOC TO SAVE SOFT ERRORS PEP PASS 

LOC TO SAVE HARD ERRORS PER PASS 

« OF SYS ERRORS ACCUMULATED 

HOLDS RANDOM * UilEN RAND MACRO IS CALLED 

RESERVED FOR MONITOR USE 

RESERVED FOR MONITOR USE 

RESERVED FOP MONITOR USE 

LOC TO SAVE RO. 

LOC TO SAVE Rl. 

LOC TO SAVE R2. 

LOC TO SAVE R3. 

LOC TO SAVE R4. 

LOC TO SAVE R5. 

LCC TO SAVE R6. 

ADDR OF CURRENT CSP. 

ADDR OF GOOD DATA, OR 

CONTENTS OF CSR. 

ADDR OF DAD DATA, CR 

STATUS REG CONTENTS. 

TYPE OF ERRDR 

EXPECTED DATA. 

ACTUAL DATA. 

RESTART ADDRESS AFTER END OF PASS 
WORDS TO MEMORY PER ITERATION 



KLAE DEC/Xll SYSTEM EXERCISER MODULE 
XKLAE0-P11 12-0CT-78 12:01 

000116* 000000 
000120" 000000 
000122' 000042 



MACY11 30AU052) 12-0CT-78 16:39 P^GE 9 



367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
327 
378 



000224* 
000232' 
000240- 
000246* 

mm- 

000262* 

000266* 
000276* 

mm- 



391 
392 
393 
394 
395 
396 
397 
398 
399 



mm- 



012767 
012767 
012767 
016700 
016701 
010167 

umi 

103020 
010220 
116720 
105720 
062702 
010220 
116720 
105720 
062702 

Mil 

000405 
062700 



016700 
016701 
001002 
104410 
012702 
006201 
103014 
010012 
022020 
062702 
010012 
022020 
062702 
022702 
001363 
000405 
062700 
062702 



000100 177662 

000100 177656 

000200 177652 

177536 

177536 

002334 

002620* 



177512 

000010 

177476 

000010 
003220* 



000010 
000020 



177436 
177440 

000000" 
002624* 



000010 
003224' 



000010 
000020 



WORDS FROM MEMORY PER ITERATION 
# OF INTERRUPTS PER ITERATION 
MODULE IDENTIFICATION NUMBFR=42 
MODULE STACK STARTS HERE. 



wdfr: open 
intr: open 

IDNUM: 42 

.REPT SPSIZ 
.NLIST 

. felORD 
-LIST 
. ENDR 

MODSP: 

•ft*************************************************************** 
JTHIS ROUTINE SETS UP THE VECTORS FOR ALL SELECTFD LINES TO POINT 
;T0 THE APPROPRIATE JSR _ IN THE JSR .L INK TABLE 



START*. 



MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
ASR 
BCC 
MOV 
MOVB 
TSTB 
ADD 
MOV 
MOVB 
TSTB 
ADD 
CMP 
BNE 
BR 
ADD 
ADD 
BR 



5 THIS ROUTINE 
iCSR ADDRESS 
SETCSR: MOV 
MOV 



#64. / WDT0 

#64., WDFR 
#128., INTR 
VECTOR, RO 
DVIDl, Rl 
R1,DVICE 
|JSPTAB,R2 

rL(RO) + 

SRl,(R03+ 
(P0> + 
#10, R2 



3$: 



pri,(r6 

<R0) + 
Jfl0, R2 

|JSRTAB+400,R2 

sItcsr 

#10, RO 

|20,R2 



;64. WORDS TO MEM/ITERATION 
•64. WORDS FROM MEM/ITERATION 
; 1 28 . INTERRUPTS /ITERATION 
;SET RO TO POINT TO THE 1ST VECTOR 
?LCAD PI WITH DEVICE SELECTION P APAMFTFR 
/INITIALIZE TO RECORD ANY LINES DROPPED' 
;SET UP R2 TO POINT TO JSP TABLE 
;SHIFT SELECT PIT INTO "C" 
;BR IF NOT SELECTED 
;SFT UP RCVR INTR POINTER 
;SET UP RCVR PRIORITY LEVEL 
;MCVE POINTER 

;POINT R2 TO XMTR FNTRY IN JSR TABLE 
;SET UP XMTP INTR FO INTER 
;SET UP XMTR PRIORITY LEVEL 
JMCVE POINTER 

;POINT R2 TO RCVR ENTRY FOR NEXT LINE 
;IS THE POINTER AT THE END OF THE TABLE? 
;BR IF NOT 

;GC SET UP CSR ADDRESSES 
/UPDATE VECTOR POINTER 
J UPD AT E JSR TABLE POINTEP 
;GC CHECK FOR END OF TABLE 



SETS UP THE JSR TABLE SUCH THAT THE APPROPRIATE 



4$: 



BNE 
ENDS, 
MOV 
ASP 
BCC 
MOV 
CMP 
ADD 
MOV 
CMP 
ADD 
CMP 
BNE 
BR 
ADD 
ADD 



IS INCLUDED AS THE 

ADDR, RO 

DVIDl, Rl 

1$ 
BEGIN 

jjjSRTAB + 4,R2 

R0,(R2) 
(R6)+,(R0)+ 

#io,r2 

R0,(R2) 
(RO)+,(RO)+ 

10, R2 

JSRTAE+404,R2 



3RD WORD OF EACH ENTRY 
? G ET THE FIRST CSR ADDRESS INTO RO 
; LCAD Rl WITH THE DEVICE S FLFCT ICN PARAMFTFP 
;NC BRANCH IF DVIDl = 

;PCINT R2 TO CSR ADDRESS ENTRY 

?SHIFT SELECT PIT INTO "C" 

; B R IF LINE NOT SELECTED 

;PUT RCVR CSP ADDRESS IN TABLE 

; GENERATE XMTR CSR ADDRESS IN PC 

;POTNT TO XMTP SLOT IN JSR TAPLF 

;PUT XMTR CSR ADDRFSS IN THE TABLE 

•GENERATE NEXT RCVR CSR ADDRESS IV RC 

;POINT TO RCVR SLOT IN JSR TABLE 

; IS POINTER BEYOND END OF TAPLF? 

;BR IF NOT 

;go set up activf device table. 

;upd ate csr address 

; update jsr tiplf pointer 
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002032 

mm 

002002 
002000 

mm- mm 

002354* 001766 
002106 
74" 



ili7 H 



nn 



006002 
000100 

000004^ 000004 

OO^H* 000006 
001704^ 

88if 000004 



000006 001664 



0O00OQ* 
000000' 

000100 001641 
000100 001632 



000167 000272 



;THIS ROUTINE 
;UP ALL SELECT 
RESTRT : 

JSR 

STUP1: JSR 

JSR 
CLR 
CLR 
MOV 
MOV 
MOV 
MOV 

1$: MOVB 
JSR 
TST 
BIS 
BIS 
INCB 
MOVB 
INCB 
INCB 
BIS 
DEC 
BPL 
MOV 



010577 001614 



000002 001606 
002414' 001600 



002354' 001570 



3$ 

CLEARS BUFFERS 
ED LINES. 

POCLRBUF 
PC/ DTAB 
PC/CLRTAB 
TXCNT 
RXCNT 

!RSTAB,SVPTR 
TQ/QPTRl 
TQ#QPTR2 
CTDEV,R0 
DE VTAB ( RO ) / R2 
PC/GETADR 
2(R3) 
#100, (R3) 



Ibuf 

XBUF 
TXCNL 
DCNT(R2^ 
#100/4(63) 



#6,CNTP 



6(R3) 



;GC TEST FOR END OF TABLE 
AND TABLES/ INITIALIZES FLAGS, AND STARTS 



;G0 CLEAR XMTR. AND RCVR. BUFFERS 

;SET UP THE ACTIVE DEVICE TABLE. 

>GC CLEAR TABLES AND QUEUES 

;CLE AR TX TOTAL INTERRUPT COUNTER. 

;CLEAR RX TOTAL INTERRUPT COUNTER. 

INITIALIZE RCVR. STATUS TABLE POINTER 

;SET UP XMTR FIFO QUEUE POINTERS 

;GET COUNT OF ACTIVE DEVICES 
;GET AN ACTIVE LINE NO. 
;G0 BUILD CSR ADDRESS IN R3 
;READ RCV DBK TO FLUSH DONE PIT 
;ENABLE RECEIVER INTERRUPTS 
/ENABLE MA INT . MODE 

;OUTPUT CHAR ONTO TX. 
;UP COUNT OF CHARS OUTPUT. 
;C0UNT CHARACTERS OUTPUT ON THIS LINE 
; ENABL E TX INTERRUPTS. 



3$: 



4$: 



EGIN 
#64. ,TX 



CLR 

BREAKS/BEGIN 

BREAKS 

CMPB 
BGT 
CMP 
BLE 
DEC 
BNE 
DEC 

BNE 10$ 

JMP ERRCHK 



#64. /RXCNT 

rI 

2$ 

CNTR 



;C0UNT ONE KICKED OFF 
>GO TEST FOR NEXT ONE 

; INITIALIZE COUNTER TO WAIT AT LEAST 
>30 SECONDS BEFORE TIMING OUT 



/TEMPORARY RETURN TO MONITOR.... 

;THEN CONTINUE AT NEXT INSTRUCTION. 

;64 TRANSMITTER INTERRUPTS? 

;NC- BRANCH TO WAIT 

JYES- 64 RECEIVER INTERRUPTS? 

;YES- GO CHECK FOR ERRORS 

JTIMEOUT? 

;N0- WAIT SOME MORE 

;EACH PASS OF THE SMALL LOOP TAKES 
; AT LEAST 5 SECONDS 

;BRANCH IF NOT DONE WITH 6 PASSES OF 
>THE SMALL COUNTER 



;TRANSMITTER INTERRUPT SERVICE - ENTERED VIA APPROPRIATE JSR TAPLE 
;ENTRY WITH R5 POINTING TO THE CSR ADDRESS. - CONTENTS OF R5 
JGETS QUEUED UP IN FIFO QUEUE AND ROUTINE RETURNS CONTROL BACK TO 
;THE MONITOR VIA A PIRQ TO DEFER SERVICING XMITTER AT LEVEL 
TINTS MOV R5/PQPTR1 JSTORE CONTENTS OF RS IN THE QUEUE 

ADD ff2/QPTPl ; UPDATE THE GUEUE POINTER 

CMP fTQ+40,QPTRl jPOINTER AT END OF QUEUE? 

BNE IS ;PR IF NOT 

MOV StQ,QPTR1 ;RESFT THE POINTER 



1$: 



MOV 



000700' 000004 000000' 000706' 



U,U_ 

6)+/P5 
PIRQS, BEGIN, TSERV 



RESTORE THE OTHER GUY'S P5 



QUEUE UP TO CONTINUE AT TSERV £ ND RTI 
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1$: 



/DEFERRED XMTR 
JFROM THE FIFO 
TSERV: MOV 
ADD 
CMP 
BNE 
MOV 
MOV 
MOV 
INCB 
INCB 
TSTB 
BPL 
CMPB 
BEQ 
INCB 
MOVB 
INCB 
INCB 
EXITS/ 
MOV 
MOV 
BICB 
MOV 
• ***** 



SERVICE - THIS 
QUEUE AND SERV 

8QPTR2/R0 

»2/QPTR2 

" TQ+40,QPTR2 



Q/CPTR2 



4$: 



*2 

#TQ#Q 

(R0U/R1 
(R0)/R0 
TXCNT+1 
TCNT(RO) 

|64., TXCNT 

xluF(RO) 
XBUF(R0),2(R1) 
TXCNT 
DCNT(RO) 
BEGIN 

Rl/CSRA 
(Rl|,ACSR 

111, I^PT^P 

A***************: 



ROUTINE RETRIEVES POINTER TO CSP ADDRESS 
ICES THE LINE AT LEVEL 

;GET POINTER FROM THE QUEUE 
/UPDATE THE GUEUE POINTER 
;POINTER AT HIGH LIMIT 
;BR IF NOT 
;RESET THE POINTER 
;MOV CSR ADDRESS INTO PI 
;MCV LI'JE # INTO RO 
JCCUNT TOTAL TX INTFRRUPTS. 
/COUNT THE INTERRUPT 
/XMTR READY FLAG ASSERTED? 
;BR IF MOT 

?64 CHARACTFFS TRANSMITTED? 
;YES- BRANCH TO EXIT 
/GENERATE NEXT DATA BYTE 
/LOAD THE XMTR BUFFER 
;UP TOTAL COUNT OF CHARS OUTPUT. 
;COUNT CHARACTERS OUTPUT ON THIS LINE 

;EXIT TO MONITOR. MODULE WAIT FOP 
;SAVE CSR ADDRESS 
;SAVE CONTENTS OF THE CSP 
/DISABLE XMTTR INTERRUPT 
; ILLEGAL INTERRUPT 
a**************************************** 



INTFFFUPT. 



5$: 



EXIT$/BEGIN 



^RECEIVER INTERRUPT SERVICE-EN 
;STORES PERTINENT INFORMATION 
JBE CHECKED IF 64. CHARACTERS 



/DC v. 

rint: 



001376 



002274* 
001330 



1$: 
2$: 



MOV 
MOV 
CMP 
BLE 
MOV 
MOV 
MOV 
MOVB 
BIS 

MOVB 

MOV 

MOV 

INCB 

INC 

MOV 

MOV 

MOV 

RTI 



0,~(R6> 
l'-(R6) 
64./RXC 



Rl. 

tv 

SVPTR/RO 
(R5),R1 

\nhr- 

(Rl) 

2(R5),(R0)+ 

RO/SVPTR 

2(R5),R5 

RCNT(R5) 

RXCNT 

(R6J+/R1 

(R6)+,R0 

(R6)+/R5 



(R0) + 
3(R0) 



;F,XIT TO MONITOR . MODULE WAIT FOP INTERRUPT . 

TERED VIA APPROPRIATE JSR TAPLE ENTRY 
IN THE RECEIVER STATUS TABLE THAT WILL 
HAVE BEcS RECEIVED 

;SAVE RO AND Rl ON THE STACK 

;64 CHAR'S RECEIVED? 
;YES- BRANCH 

;N0- GET RCVR STATUS TABLE POINTER 
;GET RCVR CSP ADDRESS 
;SAVE THE RCSR CONTENTS 
;SAVE THE RCVD DATA 

; REREAD CSR IN CASE ERROR SET PFT'WE-N THE 
/LAST TWO INSTRUCTIONS 
;SAVE THE LINE NUMBER 

;SAVE THE UPDATED STATUS TABLE PCINTER 
/GET LINE NO. INTO R5 
;COUNT THE INTERRUPT FROM THIS LINE 
/INCREMENT RX INTERRUPT TOTAL COUNT. 
; R ESTOR E THE OTHER GUY'S R EG 1ST EF 

/RETURN CONTROL BACK TO OTHER GUY 



;RECEIVER ERROR CHECKING AND CLEANUP ROUTINES 
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512 
513 

ili 

516 

III 
ffl 

524 
525 



Oil 

m 



001154' 
001160' 
001166' 
001170' 



016700 
116002 
104767 



026727 
003403 
~~ n 767 



001240' 104405 



105262 
005700 
001014 
142762 
142761 
126261 
001402 
004767 
022121 
005367 
001337 




016701 
116102 
126262 
001402 
004767 
126262 
001402 
004767 
005301 
100360 
000530 



001370' 
177777 

051045 
042523 



001450 
002574' 

000360 
000100 

000100 000004 
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;THIS ROUTINE DISABLES INTERRUPTS FROM ALL ACTIVE LINES 



# i n j. d 
ERRCHK 
1$ 




000100, 001250 



176646 
000000' 000000 
002434' 



000340 002434" 
000340 000002 
002434* 000002 



000244 
001144 



001272 
002574' 

002274' 002334' 



000064 
002314' 



047111 
026524 



MOV 
MOVB 
JSR 
BIC 
BIC 
DEC 
BPL 



ACTDEV,R0 
DEVTAPf R0),P2 
PC#GETADR 



;GET COUNT OF ACTIVE DEVICES 
;GET ACTIVE LINE NC. 
;G0 BUILD ADDRESS IN R3 
JTUFN OFF RECEIVER. 
/TURN OFF TRANSMITTER. 
;CCUNT ONE GUY OFF 
/ RR TIL ALL CFF 



001262 000100 CHK1 



;THIS ROUTINE SCANS THROUGH THE 
iCHECKING FOR AND REPORTING ANY 



4$: 



5$: 



6$: 



CMP 
BLE 
MOV 
MOV 
CLR 
MOVB 
TSTB 
BMI 
JSR 
MOV 

• ******* 



RXCNT,#64. 



64 ENTRY RECEIVER STATUS TABLE 
ERRORS . 

;MAKE SURE COUNT IS NO LARGER THAN TABLE 



******* 



|RSTAP,R1 
3<R1),R2 

pc^rcverr 
IiLerrtyp 

t ********** 

INCB RBUF(R2) 
RO 

#340/RBUF(R2) 

P^#DATBAD 
(R1)+,(P1)+ 

RXCNT 
2$ 



?GET STATUS TABLE POINTER 

; I ND ICATE NO HARDWARE FAILURES YET 

/GET LINE NO. INTO P2 

JPOINT TO LO BYTE OF CSR 

;BR IF DONE HAS SET 

;SF.TUP FOR ERROR REPORT 

J ILLEGAL INTERRUPT 

**************************** 



JRECF.I VSR FALSE INTERRUPT 
************************* 



TST 

BNE 

BICB 

BICB 

CMPB 

BEQ 

JSR 

CMP 

DEC 

BNE 



(Rl) 



**************** 
;BUMP EXPECTED DATA 
; HARDWARE ERRORS? 

;D0 NOT REPORT DATA ERRORS THEN. 

/MASK OFF BITS <7:b> TO CHECK CNLY 

;FIVE BITS ON 

;DID RCVD DATA CHECK OK? 

;PP IF YES 

;GC REPORT DATA ERROR 
;P0INT Rl TO NEXT TABLE ENTRY 
/ALL CHARS RECEIVED CHECKED? 
JN0- GO CHECK NEXT ENTRY 



5.THIS ROUTINE 
CKLINS: MOV_ 



002334' 4$: 



MOVB 
CMPB 
BEQ 
JSR 
CMPB 
BEQ 
JSR 
DEC 
BPL 
BR 



MRIMG 
-1 



REPORTS ANY LINE RECEIVING AN INCORRECT NUMBER OF INTERRUPTS 
ACTDEV/Rl ;GET ACTIVE DEVICE CUUNT 

DEVTAB(R1)/R2 ;GET ACTIVE DEVICE LINE NO. 

!2),DCNT(R2) ^CORRECT NUMBER OF RECVR INTERRUPTS? 

~" IF YES 

REPORT BAD RCVR 

JCORRECT NUMBER OF XMTF INTERRUPTS? 
. _ IF YES 

;gc report bad xhtr 
?count one guy checked 



RCNT(R2 
4$ " ;BR 

PC,BADR :G0 
TCNT(R2),DCNT(R2) 
b$ ; BR 

PC/BADT 
Rl 



3$ 
ENPS 



j E R TIL ALL CHECKED 
;GC CHECK FOR END OF PASS 



020107 
041040 



MRING: -ASCIZ /%RING SET- BAD LINE DROPPEDI/ 



KLAE DEC/Xll SYSTEM EXERCISER MODULE 

XKLAE0.P11 12-OCT-78 12:01 

568 
569 




MACY11 30AU052) 12-OCT-78 16: 39 PAGE 13 



ROUTINE TO REPORT BAD LINES (TOO MANY OR TOO FEW INTERRUPTS) 



i rvuu 

BADR 



JSR 
MOV 
MOVB 
MOVB 

MOV 



PC/GETADR 
R3/CSRA 
DCNTCR2),ACSP 
RCNT(R2) / ASTAT 



HRDERS#BEGIN/NULL 
• **************** 



GC BUILD CSF ADDRESS 
SAVE CSR ADDRESS 
CHARACTERS XMTD 
H OF RCVR INTERRUPTS 



**************************************** 

; I NCORRECT NUMBER OF RCVR INTERRUPTS 
**************************************** 



; NOTE THAT CSRC VALUE IS 3 OF CHARACTERS 
; TRANSMITTED, AND STATC VALUE IS » OF 
; RECEIVER INTERRUPTS 

C /RETURN TO C ALLEP 



PC/GETADR 
(R3)+,(R3)+ 
R3/CSRA 
DCNT(R2)/ACSR 
TCNT(R2 ) , 



/AST AT 



RTS 

JSR 
CMP 
MOV 
MOVB 
MOVB 

MOV 314,ERRTYP 

************************************************ 

HRDER$#BEGIN.NULL ; 
.************************ 

; NOTE THAT CSRC VALUE IS Jf OF CHARACTERS 
; TRANSMITTED/ AND STATC VALUE IS # OF 
^TRANSMITTER INTERRUPTS 



;GC BUILD CSF ADDRESS 
;MAKE IT A XMTR CSR ADDRESS 
?SAV£ CSP ADDFESS 
CHARACTERS XMITTED 
;# OF XMTR INTERRUPTS 



************* 

/INCORRECT NUMBER CF XMTR INTEFFUPTS 
i . ^ ^ ^ ^ ^ ^ ^ . ^ ^ ^ ^ . » . ^ ^ . .. . . ^ _ ^ . . ^ 4 ^ ^ ^ ^ A # ^ ^ ^ 



RTS 

MOV 
ASL 
ASL 
ASL 
ADD 
RTS 



PC 

R2/R3 
R3 
R3 
R3 

ADDR/R3 
PC 



; RETURN TO CALLER 



/GET LI'IE NO. 
;BUILD CSP ADDRESS 



; RET URN TO CALLER 



ROUTINE TO REPORT RCVR DATA COMPARE ERRORS 



111567 
010567 



176274 
176264 



z kuu i in; iu 
DATBAD: JSR 
MOV 
MOVB 
TST 
MOV 
TST 
MOV 
ADD 
MOVB 
MOV 



•*********! 



PC/GETADR 
R3/CSRA 
2(R1 ),AWAS 
(Rl) + 
Rl.WASADR 



5)/ASB 
,SBADR 



;GC BUILD CSR ADDRESS 

/SAVE CSR ADDFESS 

?SAVE BAD DATA 

/GENERATE RCVR DATA ADDRESS 
;SAVE ADDRESS OF BAD DATA 
; RESET Rl 

; GENERATE ADDRFSS OF GOOD DATA 

?SAVE GOOD DATA 
;SAVE ADDRESS. CF. 



*********************** 
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DATER$,BEGIN 

• ***************** 

RTS PC 



*********** 



;DATA ERROR I f I 



********* 



{RETURN TO CALLER 



{ROUTINE TO SETUP FOR RECEIVER ERROR PRINTOUTS 
RCVERR ~~ "" " 



INC 
JSR 
MOV 
MOV 
RTS 



RO 

PC/GETADR 
R3,CSRA 
£R1),ACSR 



INDICATE HARDWARE ERROR. 
;GO BUILD CSR ADDRESS 
;STUFF IT IN CSRA 
J GET CONTENTS IN ACSR 
/RETURN TO CALLER 



{THIS ROUTINE CHECKS FOP AND REPORTS END OF PASS 
ENPS: 

ENDIT$, BEGIN 



;S IGNAL END OF ITERATION. 
{MONITOR SHALL TEST END OF PASS 



; THIS ROUTINE RESTARTS EACH 64 CHAR XFR SEQUENCE 



1$: 



MOV 
MOV 
MOVB 
CMP 
BNE 
JMP 



#RBUF,R0 
|XBUF,R1 
(R0)+,(R1)+ 

|RBUF+20,R0 

sIupi 



;TABLES AND BUFFERS 

RSTAB: . BLKW 128. 

RCNT: .BLKW 8. 

TCNT: .BLKW 8. 

DCNT: . BLKW 8. 

TQ: . BLKW 16. 



XBUF: 

rbuf: 



.BLKW 
.BLKW 



{RESYNC DATA FOR NEXT PASS 



;DONE 16 PYTFS? 
;BR IF NOT 

;resume. 



;128 WORD(64 ENTRIES)RCVR STATUS TABLE 
;RCVP INTERPUPT COUNTERS 
; X HTR INTERRUPT COUNTERS 
/CHARACTER COUNTERS 

;16 WORD XMTR FIFO QUEUE 

;l€ BYTE XMTR DATA BUFFERS 
;16 BYTE RCVR DATA BUFFERS 



{POINTERS, CONSTANTS, AND VARIABLES 



COUNT: 

txcnt: 

rxcnt: 

cntr: 

svptr: 

QPTRl: 

QPTR2: 



OPEN 
OPEN 

OPEN 
OPEN 
OPEN 
OPEN 
OPEN 



/END OF PASS COUNTER 

;TX TOTAL INTERRUPTS COUNTER (HIGH 

; TOTAL CHARACTERS TRANSMITTED (LOW 

;RX TOTAL INTERRUPTS COUNTER. 

{BREAK LOOP COUNTER 

{TEMP STORAGE FOR RSTAB POINTER 

{XMTR FIFO QUEUE POINTER - LOAD 

;XVTR FIFO QUEUE POINTER - UNLOAD 



BYTE) . 
BYTE) 



1 mw m 



mm: 

002- 
002504 
002506- 



00 
"0 



001374 
"10207 



{SUBROUTINE TO CLEAR DATA BUFFERS AT BEGINING OF EACH NEW PASS 

CLRBUF: MOV «XBUF,R0 {SFT UP RO TO POINT TO BEGINING 

1$: CLR (R0)+ JCLEAR A WORD 

CMP #RBUF+20,R0 ; END OF RCVR BUFFER? 

BNE 1$ ;BR TIL ALL CLEAR 

RTS PC J RETURN TO CALLEP 

{SUBROUTINE TO CLEAR TABLES AND QUFUES 



KLAE DEC/X11 SYSTEM EXERCISER MODULE 
XKLAE0.P11 12-OCT-78 12:01 



MACYU 30AU052) 12-OCT-78 16: 39 PAGE 15 




CLRTAB: MOV 

1$: CLR 
CMP 
BNE 
RTS 



RSTAB, RO ;SET UP RO TC POINT TO BEGINING 

R0)+ {CLEAR A WORD 

TQ+40,R0 ;END? 

$ {BR IF NOT 

C {RETURN TO CALLER 



{THIS ROUTINE SETS UP AN ACTIVE DEVICE TABLE TO REMEMBER HOW MANY 
•AND WHICH LINES WERE ACTIVE DURING TEST - IT IS USED DURING THE 
{ERROR CHECKING ROUTINES FOR VARIOUS PURPOSES 



CLR 
COM 
CLR 
COM 
MOV 
INC 
CMP 
BNE 
MOV 
RTS 
ASR 
BCC 
INC 
MOVB 
BR 



DEVTAB: .BLKW 
ACTDEV: OPEN 
DVICE: OPEN 



1$: 



2$: 



US 

11 

DVICE, R2 
|20,P0 

pf, ACTDEV 

PC 
R2 



Rl 

R0,DEVTAB(R1) 



{SET UP RO AS TOTAL LINE COUNTFP 
{INITIALLY SET TO MINUS ONE 
;SET UP Rl AS ACTIVE LINE COUNTEP 
{INITIALLY SET TC MINUS ONE 
{GET DEVICE SELECTION PAPA METEF 
{COUNT ONE DEVICE 
{16 LINES CHECKED? 
J BR IF NOT 

{SAVE THE COUNT OF ACTIVE LINES 

{RETURN TO CALLER 

{SHIFT SELECT PIT INTO "C" 

{BR IF NOT SELECTED 

KOUNT ACTIVF LINE 

{STORE ACTIVE LINE NO. IN THE TABLE 
{GC TEST NEXT LINE 

{16 BYTE ACTIVE DEVICE TABLE 

{STORES COUNT OF MO. OF ACTIVE LIVES HIMUS ONE 
{DEVICE SELECTION INDICATOR 



{JSR LINK TABLE CONSISTING OF 32 JSR'S (16 RCVR AND 16 XMTR) 
LINK THE INTERRUPTS TO THE COMMON SERVICE ROUTINES 



jsrtab: 



JSR 



JSR 





JSR 



1 

JSR 



1 

JSP 



2 

JSR 



2 

JSR 



JSR 



3 

JSR 



R5,RINT 
R5,TINT 
R5,RINT 
R5,TINT 
R5,RINT 
R5 , T INT 
R5,RINT 
R5,TINT 
R5,RINT 



^RECEIVER LINK FCP LINE 
{SET UP WITH RCVR CSR ADDRESS 
{LINE NUMBER 
;XMTR LINK FOR LINE 
{SET UP WITH XMTR CSR ADDRESS 
{LINE NUMBER 
{LINK FOR LINE 1 



{LINK FTP LINF 2 



/LINK FOR LINE 3 



{LINK FOR LINE 4 
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4 

JSR 



4 

JSR 


5 

JSR 



5 

JSR 



6 

f R 

6 

JSR 



7 

JSR 



7 

JSR 


10 

JSR 



10 

JSR 


11 

JSR 


11 

JSR 


12 

JSR 



12 

JSR 


13 

JSR 



13 

JSR 



14 

JSR 


14 

JSR 


15 



R5,TINT 
R5,RINT 
R5,TINT 
R5/RINT 
R5/TINT 
R5/RINT 
R5/T INT 
R5/RINT 
R5,TINT 
R5,RINT 
R5,JINT 
R5,RINT 
P5,TINT 
R5,RINT 
R5/TINT 
R5 ,R INT 
R5/TINT 
R5/R 1 NT 



;L INK FDR LINE 5 



;L INK FOR LINE 6 



/LINK FOR LINE 7 



;L INK FOR LINE 10 



;LINK FIR LINE 11 



;L INK FUR LINE 12 



;L INK FOR LINE 13 



;L INK FOR LINE 14 



/LINK FOR LINE 15 
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792 
793 
794 

m 

797 
798 
799 
800 
801 
802 
803 
804 
805 
806 
807 
808 



003150' 
003154' 
003156' 
003160' 
003164' 



004567 175472 
000000 



175664 




000015 

mm 

•WSH 175452 



175644 
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R5/TINT 



JSR 

15 
JSR 


16 
JSR 



16 

JSR 



17 

JSR 


17 



R5/RINT 
R5/TINT 
R5,RINT 
R5/TINT 



16:39 PJGE 17 



>L INK FOR LINE 16 



; L INK FOR LINE 17 
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ACSR 
ACTDEV 
ADDR „ 
ADDR22= 
ASR 
ASTAT 
AW AS 
B ADR 
BADT 
BEGIN 
BITO = 
BIT1 = 
BIT10 = 
BIT11 = 
BIT12 = 
BIT13 = 
BIT14 = 
BIT15 = 
BIT2 = 
BIT3 = 
BIT4 - 
B1T5 = 
BIT6 = 
BIT7 = 
BIT8 = 
BIT9 = 
BREAKS= 
BR1 
BR2 



BTODS = 
CDATAS= 
CHK1 



CKLINS 
CLRBUF 
CLRTAB 
CNTR 
CONFIG 
COUNT 
CSRA 
DATBAD 
DATCKS= 
DATERS= 
DCNT 
DEVTAB 
DTAB 
DVICE 
DVID1 
ENDIT$= 
ENDS = 
ENPS 
ERRCHK 
ERRTYP 
EXITS = 
GET ADR 
GETPAS= 
GWBUF$= 



000102R 

002614R 

000006R 

001000 

000106R 

00Q104R 

000110R 

001426R 

00147QR 

OOOQOOR 

000001 

000002 

002000 

004Q00 

010000 

020000 

040000 

100000 

000004 

000010 

000020 

000040 

000100 

000200 

000400 

001000 

104407 

000012R 

000013R 

104421 

104412 

001172R 

001316R 

002472R 

002510R 

002462R 

000056R 

002454R 

000100R 

001552R 

104411 

104404 

002334R 

002574R 

002526R 

002616R 

000014R 

104413 

104410 

001644R 

00U40R 

000106R 

104400 

001534R 

104415 

104414 



479* 576* 

514 550 

382 609 

621* 

577* 593* 
589| 

385 430 



430 
366 



673# 
680f 
438* 



478* 
613# 

624 

476* 

515 

m* 

360 
637 
385 
636| 

III 1 

516 



592* 
697* 



632* 
706# 



431 
370 



552 
551 



707# 
383 



533* 

486 

574 



555 
702* 



576 
705# 



595* 
605# 
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XKLAE0.P11 



HRDCNT 

HRDER$= 

HRDPAS 

ICONT 

ICOUNT 

IDNUM 

INIT 

INTR 

JSRTAB 

MAP22$= 

MODNAM 

MODSP 

MRING 

MSGNS = 

MSGSS = 

MSGS = 

NULL = 

OPEN = 



PASCNT 
PIRQS = 
POPS? = 
P0PSP2= 
PRTY = 
PRTYO = 
PRTY1 = 
PRTY2 = 
PRTY3 = 
PRTY4 = 
PRTY5 = 
PRTY6 = 
PRTY7 ' 
PS = 
PSW = 
PUSH = 
PUSH 2 s 
QPTR1 
QPTR2 
RANDS : 
RANNUM 
RBUF 
RCNT 
RCVERR 
RESTRT 
RESYNC 
RES1 
RES2 
RING 
RINT 

RSTAB 
RSTRT 
RXCNT 
SB ADR 



000044R 

104405 

000050R 

000036R 

000040R 

000122R 

000030R 

000120R 

002620R 

104416 

OOOOOOR 

000224R 

001370R 

104403 

104402 

104401 

000000 

000000 



104420 

000034R 

000004 

005726 

022626 

000000 

000000 

000040 

000100 

000140 

000200 

000240 

000300 

000340 

177776 

177776 

005746 

024646 

002466R 

002470R 

104417 

000054R 

002434R 

002274R 

001624R 

000434R 

001650R 

000056R 

000060R 

001364R 

001050R 

001674R 
000112R 
002460R 
000102R 



319# 

354# 

321# 

3161 

31 7| 

346f 

313f 

345# 

362 

354# 

IIP 

563 

354# 

354| 

3541 

35 4# 

301 

336 

668 

354# 

3151 

354» 

3548 

354i 

305 

354# 

354f 

354| 

3548 

354# 

304 

354# 

354| 

354# 

354f 

3541 

354| 

ill: 

m 

537* 

50 4* 

532 

342 

641# 

325| 

326| 

563$ 

49lf 

783 

410 

409** 
335# 



358* 
373 



352# 
5661 



483 
307 
338 
669 



535 
308 
340 
706 



581 
309 
341 
707 



597 

310 327 
343 344 



328 
345 



329 
35 4 if 



330 
662 



331 

663 



332 

6 65 



333 
£66 



334 
667 



HS* 


449* 
461* 


450 
462 


452* 
464* 


668S 
669§ 






540* 
552 
629# 
397 


542 
577 

404# 


619 
651# 


641 


644 


658# 


675 


711 

789 
527 


717 
795 
650# 


723 
801 

680 


729 


735 


741 


747 


434 


493 


505* 


524 


52 6* 


546* 


665# 



I 



) 
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CROSS REFERENCE TABLE — USER SYMBOLS 



SETCSR 
SQFCNT 
SQFERf 
SOFPA 
SPOINT 
SPSIZ 




TQ 

TRPDFD 
fSERV 
TXCNT 
VECTOR 
HASADR 
WDFR 
WDTO 
XBUF 
XFLAG 



000344R 
000042R 
104406 
000046R 

:mw 

000016R 
000020R 
"00022R 
00024R 
000224R 
000026R 
000440R 
002464R 
000062R 
""0Q64R 

R 

00007|R 



646 
495 


502* 


667# 








555 

m 

412 


593 

m 

450 


652# 
726 
804 
452 


732 
462 


738 
464 


744 

655* 


460# 

\W 


432 


467* 


471 


475* 


663* 


617* 
357* 












356* 
420 


473* 


474 


642 


657# 


673 


650# 


651# 


652# 


653# 


655# 


6574 



750 

682 



000000 
003220 



000 
001 



ERRORS DETECTED: 

DEFAULT GLOBALS GENERATED : 

XKLAE0,XKLAE0/SOL/CRF:SYM=DDXCOM,XKLAE0 
RUN-TIME: 1 2 .3 SECONDS 
RUN-TIME RATIO: 30/4=6.5 
CORE USED: 7K (13 PAGES) 



